Aim Much has been written about the toxicity of narghile (hookah, shisha) smoke. However, it is seldom mentioned that narghile smoke is actually far less complex than that of cigarettes. In spite of being a much simpler object to research, there has been a world of avoidable and preventable confusion due, to a great extent, to the inappropriate use of the narghile smoking machine designed at the US-American University of Beirut that now is considered to be "standardised". This machine has allowed the claims of high yields of tar, CO, PAH, heavy metals and, lastly, volatile aldehydes. Consequently, any public health intervention against narghile (hookah, shisha) use requires a long overdue critique of this machine on which a large amount of the peer-reviewed "waterpipe" literature uncritically relies. Public health policy makers should be aware of the unprecedented degree of confusion in this field. Methods The analysis is twofold. On one hand, the classical FTC (Federal Trade Commission) regime applied to cigarette testing (and behind the official figures printed on cigarette packs) is presented, whereby it is recalled that a 35-ml puff is drawn each minute for only a few minutes. On the other hand, a discussion follows about the relevancy of the narghile smoking machine based on averaging a complex human and social activity to a puff relentlessly drawn every 17 s over a full hour, with, marginally, the heating source (coal) in the same position over the smoking mixture (contrary to common practice). It is assumed that such stress-strain conditions result in abnormal perturbations in the chemical reactions at stake. The case of aldehyde generation is taken as an example. Results The narghile smoking machine was modelled after the one for cigarettes, which not only is an inappropriate reference, but also is totally irrelevant for a kind of tobacco use that is different from all points of view. The narghile smoking machine and its underlying smoking topography represent a biased toxicological model of the related practice. Human-centered alternatives are presented. Conclusion Against the background of a public health epidemic, a recommended research avenue is to focus on biological measurements of human subjects (urinary carcinogens, chemical or biological markers) carried out in a natural environment in realistic conditions and coupled with a puff-by-puff smoke analysis.
Introduction
Much has been written about the toxicity of narghile (hookah, shisha) smoke. However, it is seldom mentioned that narghile smoke is actually far less complex than that of cigarettes. First in 1991, 142 compounds were detected in narghile smoke (El-Aasar and El-Merzabani 1991a) . By comparison, 4,700 substances have been identified so far in cigarette smoke (Borgerding and Klus 2005) . In spite of being a much simpler object to research, there has been a world of avoidable and preventable confusion due, to a great extent, to the inappropriate use of the narghile smoking machine designed at the US-American University of Beirut (US-AUB) that now is considered to be "standardised" (Al- Rashidi et al. 2008) . For instance, a recent paper-reporting an absolutely unrealistic and extreme experiment about the 4-h exposure of three volunteers to the hazards of narghile smoke in an unventilated small room [which also raises serious ethical concerns (Helsinki Declaration 2008) ]-relies heavily, in its discussion, on a comparison with yields obtained thanks to the abovementioned machine (Fromme et al. 2009 ). This experiment focussed on narghile ETS (environmental tobacco smoke) and charcoal emissions. However, unlike cigarettes, a narghile is known to generate almost no side-stream smoke so that its "second-hand smoke" has very often been hyped in an unscientific way (Chaouachi 2009 ). In two previous experimental studies on narghile smoke particles, Becquemin et al. (2008) and Monn et al. (2007) concluded, further to comparisons with the same US-AUB smoking machine, that there was a "Middle-Eastern" way of smoking vs. a "Western" one. Of course, this is a serious anthropometrical misrepresentation (Chaouachi 2009 ). Consequently, any public health intervention concerning narghile (hookah, shisha) use requires a long overdue critique of this smoking machine, which is too often referred to by policy makers advised by anti-smoking researchers and organisations.
Discussion
Usefulness of smoking machines Such tools can be useful, particularly in the first stage of a research work, as they can provide a first picture of the researched object, the same way astronautical engineers send robots to a remote planet for testing the ground and the surrounding space beforehand. At this stage, direct and quick conclusions are never drawn from the available raw data. Smoking machines can therefore be applied usefully for the calculation of ratios [nicotine to TSNAs (tobacco-specific nitrosamines), PAHs (polycyclic aromatic hydrocarbons), CO, etc.] . However, experts in this field have found that, as far as cigarettes are concerned, the existing smoking machines also have created a great deal of confusion because of the complex variability of human behaviour involving, among other things, compensation (i.e., body regulation of nicotine intake, etc.). Even the WHO (World Health Organisation) has issued recommendations in this respect (Hammond et al. 2007; Zielinski 2005; Chaouachi 2006 ).
Existing smoking machines Certain limits have unfortunately been transcended by the narghile smoking machine operated at the US-AUB (Al- Rashidi et al. 2008; Shihadeh and Saleh 2005) . Certainly, toxicant yields of different brands of cigarettes can be compared. However, the first methodological bias is to compare yields of toxic substances (tar, nicotine, CO, aldehydes, etc.) obtained under two completely different systems: on one hand, the FTC (Federal Trade Commission) regime (one puff of 35 ml every minute for a few minutes) designed for cigarettes and, on the other, the US-AUB's own regime (one puff of 530 ml every 17 s for about 1 full hour) (Chaouachi 2007) . The facts that, unlike cigarettes, glycerol and water form a large part of narghile's total particulate matter and that the temperatures differ by hundreds of degrees are other arguments for refraining from quick comparisons between cigarettes and narghile.
What is criticised here is neither the question of the averaged duration of the smoke puff (2.6 s) nor the fact that the heating source (coal) is kept at the same position above the bowl (containing the smoking mixture at the top of the pipe) for 1 full h (contrary to common practice in a natural human environment), nor even the puff volume. Concerning the latter, 300 ml was not such an unrealistic approximation when compared with volumes involving the traditional plain tobacco used for centuries (tumbak). For instance, one of the first narghile smoking machines was based on a puff volume of 200 ml for a bowl packed with tumbak (Rakower and Fatal 1962) . However, since the fashionable smoking product used these days is more and more moassel/tobamel (a flavoured tobacco-molasses based mixture) and given that its mild smoke is inhaled (when it is) directly into the lungs with no previous stocking in the mouth, in striking contrast to cigarette smoking, an average smoke volume of 530 ml may be acceptable.
Critique of the puff frequency (inter-puff smoulder time)
What is actually criticised here relates to two importnat average parameters: the puffing frequency or, to be more precise, the inter-puff smoulder period, and, least important, the total number of puffs. The main reason is that the parameters selected for the US-AUB so-called "standardised" smoking machine do not take into account the many disruptions occurring during a 1-h smoking session. Indeed, a narghile smoker constantly expeiences all sorts of interruptions. People do not smoke a narghile like robots. Their behaviour depends to a great extent on the nature of the social situations in which they are involved. Amazingly, such contingent conditions and anthropological considerations that are of utmost importance have never been taken into account so far. They are not reflected at all in the smoking topography supposed to support the relevancy of the US-AUB smoking machine as a narghile model. Indeed, the corresponding graphs and tables of the underlying smoking topography show smokers puffing and dragging all the time. No micro, macro or "breath-taking" event is taken into account: conversation, reading, watching television, eating, drinking, sharing the hose, other interruptions such as changing of the coal by the café employee (Narghiljy) every 10 or 15 min, etc. Furthermore, extrapolating this behaviour (modelled for only the first 30 min of a session) to the following 30 min was never demonstrated (Chaouachi 2007 ). Since such contingencies are already true among cigarette smokers whose puffs and puff duration, as well as the butt length, also vary according to their emotional state (Philip Morris 1967) , it can be assumed that they are even more relevant to the study of narghile users who are known to dedicate much more time to their social "activity".
For instance, in view of the few minutes a cigarette needs to be consumed, an interruption like drinking coffee is necessarily sleeked by assuming-with no great error risk-that such an activity occurs between two cigarettes. However, this cannot be dismissed so easily when modelling a 60-min narghile smoking session together with many other details. Early deep healthoriented anthropological research showed that narghile smokers' activity over a full hour or more is not limited to puffing (Chaouachi 2007) . Indeed, where would one place a cup of coffee during a so-called realistic smoking session when a puff is drawn every 17 s for a full hour? Interestingly, the so-called "intense" cigarette machinesmoking regime (the Massachussets one) is based on an inter-puff smoulder time of 30 s (puff of 45-ml volume and 2-s duration) (Baker 2006a) . Similarly, the 55-ml puff of the so-called Canadian "maximum" cigarette smoking lasts for 2 s and is drawn every 30 s (Hammond et al. 2007) . Setting aside the possibility of hose sharing, a closer behavioural model for the narghile user might well be the cigar or the short "dry" pipe smoker.
Certainly, a smoker can draw four puffs per minute over the five first 10 or 15 min, particularly if (s)he has not smoked for 2 or 3 days and also if (s)he is actually observed by a camera or a smoking topography device attached to the pipe. However, beyond this period, and as emphasised, the smoker then does other things than puffing. And before the smoker resumes his/her smoking (for instance after 2 to 5 min, though this figure varies a lot), some reactions (pyrosynthesis for instance) may slow down or not occur, etc. Briefly, such "unexpected" events will a priori have direct consequences on the chemistry of smoke. Another point is that a smoking machine set up with such parameters does not allow the ageing of smoke, which builds up gradually between two puffs above the surface of the water inside the vase and inside the long suction hose (1.5 m on average vs. 0.1 m for a cigarette). This may be a source of serious artefacts, just like in the case of cigarettes (Borgerding and Klus 2005) . Indeed, the underlying mechanisms of tobacco smoke formation are exceedingly complicated (Torikai et al. 2004 ).
The example of aldehyde generation In view of the huge differences in scale between cigarette and narghile smoking (the duration of a session to start with: approximately 6 min vs. 1 h), the modelling bias might be similar in magnitude to the one described by Baker about Fujioka and Shibamoto's experiment in which these authors quantitatively analysed genotoxic carbonyl compounds in cigarette smoke. Their critic noted that the range of yields for four carbonyl compounds (formaldehyde, acetaldehyde, propanal and acrolein) were three to seven times higher than those reported in the classic literature. The reason was that a smoking machine drawing one 20-s continuous puff on the cigarette was used, a fact that was "unrelated to how any human would smoke the cigarette and to how most other researchers have smoked the cigarette over the last 70 years". The risk of a continuous puff would be that the cigarette would burn "unevenly in an irreproducible manner". A natural smoulder period between puffs is necessary (Baker 2006b; Fujioka and Shibamoto 2006) .
Average yields of formaldehyde, acetaldehyde, acrolein, propionaldehyde and methacrolein found by Al- Rashidi et al. (2008) with their US-AUB smoking machine were elevated: 630, 2,520, 892, 403 and 106 μg, respectively, per smoking session. A major source of some of them was sugars. In the case of formaldehyde, Baker (2006a) showed that its yields from the cigarettes containing sugars were significantly higher than those from the control cigarettes at two so-called intense smoking regimes, namely the Canadian and Massachusetts ones. The same scientist also discussed the great contribution of the first puff (in a cigarette) to the generation of formaldehyde. This fact, added to the important question of the relevantly termed "inter-puff smoulder period", are other arguments in favour of a puff-by-puff analysis of narghile smoke (Baker 2006a; Adam et al. 2007; Chaouachi 2007) .
Interestingly, in the case of tumbak (plain moistened tobacco), the product traditionally smoked over the past centuries in Asia and Africa, previous studies did not mention high levels of aldehydes in smoke and rather emphasised their water solubility. For instance, French researchers, who early on investigated the compounds playing a role in cilia toxicity, found that they were water soluble and identified two major ones: acrolein and formaldehyde. They speculated that their water solubility could be an explanation for the wide use of the narghile by Middle Eastern populations in spite of the great amounts of tobacco consumed in this device. They relevantly noted that the narghile makes the smoke less irritating (Guillerm et al. 1961 ). Other researchers found that a very small physiologically wetted surface was capable of complete detoxification of, among other cytotoxins, acrolein and acetaldehyde (Huber et al. 1991) .
In the case of jurak, a mixture of 15% tobacco leaves and 47% carbohydrates (glucose), an early study was the first to thoroughly identify many of the components of tobacco smoke coming from shishas. The percentage of water filtration of organic constituents was found to vary, according to diverse families of compounds, between 78.6% for phenols and phenolic ethers, and 4.2% for alkenes and alkynes. The mean total water filtration rate was 38%. Also, it is noteworthy that no polycyclic aromatic hydrocarbons were identified, certainly because the mixture was not heated by charcoal but electrically (El-Aasar and El-Merzabani 1991a). In another study, the same researchers determined by atomic absorption that out of 14.685 mg (heavy) metals present in 1 g of the jurak paste, only 3.075 μg was transferred to the smoker (El-Aasar et al. 1991b) .
The stress-strain parameters of Al-Rashidi et al.'s smoking machine may also explain the high yields of formaldehyde for two reasons. On the one hand, in cigarettes, formaldehyde and acrolein reach a maximum yield at 500°C (Torikai et al. 2004) . However, the temperature of the narghile smoking mixture does not go over 200°C, whereby the latter is only heated by the charcoal through a thermal pierced-tinfoil screen, as recently pointed out by Sajid et al. (2008) . The paste does not release any substantial smoke if it is heated below a temperature of about 300°C (unpublished data: Patent 2005) . Interestingly, within this range of temperatures, Torikai et al.'s work shows that there is a striking increase of about 150 μg/g of tobacco for the formaldehyde yield and about 300 μg/g of tobacco for that of acrolein (Torikai et al. 2004) . It seems that the lower temperature formaldehyde profile is formed essentially by the thermal decomposition of tobacco (Baker 2006a ). On the other hand, and in view of both the temperature range and the high proportion of sugars in the narghile smoking mixture, the Maillard reaction [between the aldehyde functions of sugars-especially in the molasses element-and nitrogenous compounds, particularly ammonia (NH4OH), giving birth to various aromatic compounds] appears to be more important than in the case of cigarettes (Chaouachi 2006) . A competitive reaction could take place in which sugars give birth either to formaldehyde and/or end products of the Maillard reaction (Baker 2006a) . It may be that in Al-Rashidi et al.'s experiment, the Maillard reaction would have been disadvantaged. As for acrolein, one may also wonder, in view of the stress-strain parameters of their smoking machine, whether or not a part of the yield is a result of the cracking of glycerol. Finally, and on a general level, an intense, unrealistic machine smoking regime can make water become quickly saturated and therefore chemically stripped of its natural obstructing properties. An example of this phenomenon was given by Egyptian scientists who showed that water filtration of lead was superior to that of cigarettes (Salem et al. 1990 ). However, this effect strikingly decreased between one smoking session and the next. Other Egyptian researchers concentrated on this fact and speculated that it could be due to a lack of hygiene as not all smokers change the water after each session (WHO-EMRO 2007) .
Alternatives to smoking machines Two alternatives exist. The first one is to avoid using smoking machines. For instance, researchers have noted that for cigarettes it is currently possible to "directly measure cigarette smoke yields experienced by smokers via post-smoking filter tip measurements" (Borgerding and Klus 2005) . The other solution would be to work with smoking machines the way sausages are eaten: i.e., using them only for selected sliced periods of time. For instance, a smoke analysis is performed for the first 5 min, then a rest period of 5 min is allowed, etc., until the end of a session. And, most importantly, the operators do not forget to move around the coal (topping the bowl containing the tobacco-molasses mixture covered by pierced tinfoil) to avoid bias caused by the possible charring of the smoking mixture. The results could then be compiled together with the measurements on a puff-by-puff analysis. Indeed, the chemistry is expected to change minute by minute, as Adam et al. (2007) showed. Also, different puff volumes will be drawn because narghile puffs in real life vary considerably: from a dozen ml to 1 l and sometimes more.
Conclusion
In spite of the numerous imperfections of the cigarette smoking model, "averaging" the cigarette smoker's behaviour was scientifically accepted among the scientists who early on (4 decades ago) designed the FTC-based smoking machine for the simple reason that a 5-7-min period (the time for a cigarette to be consumed) was viewed as "short" enough to allow for averaging (and considering as periodical) the smoker's behaviour. Of course, it is not, hence the renewed debates over this question. Smoking machine experts have noted that the corresponding FTC/ ISO (cigarette) yields bear little association with biological measures of uptake among human smokers (Hammond et al. 2007 ). Now, it is surprising that there has not been such a debate over the relevancy of a smoking machine, implying that the simultaneously individual and collective highly complex narghile smoker's behaviour can be "averaged" to one puff relentlessly drawn every 17 s for 1 full h (Al- Rashidi et al. 2008) . Statements implying that such a machine and the corresponding yields of toxicants reflect human smoking with good precision or that such a machine is "standardised" are clearly unscientific. Moreover, the word "machine" is missing in statements like "a single narghile smoking session yields in the mainstream smoke […]"; "one narghile smoking session is found to release greater amounts", etc. In another place, the correspondence of yields and real exposure is amazingly given as taken for granted: "the yields measured in this study are sufficient to induce various diseases depending on the extent of exposure, and on the breathing patterns of the smokers" (Al- Rashidi et al. 2008 ). Yet, while it would be easy to find cigarette smokers who could accurately mimic the FTC smoking pattern, it will be very much harder to find a narghile smoker capable of mimicking the strain rhythm of the US-AUB's narghile smoking machine. The time is simply too long. Even common sense shows that such a regime implies that about one out of every four smoking puffs is supposed to be a human breath for a whole 1-h session. In these conditions, the machine is far from providing an acceptable picture of this practice in natural environments in spite of its underlying topography. Against the background of a public health epidemic, a recommended research avenue is to focus on biological measurements of human subjects (urinary carcinogens, chemical or biological markers) carried on in a natural environment and coupled with a puff-by-puff smoke analysis (Adam et al. 2007; Sajid et al. 2008) .
